• This article is distributed under the terms of the Cre- Abstract Universities increasingly incorporate multidisciplinary design projects into their curriculum to better prepare their students for the labor market. In these projects, student team members of various disciplinary backgrounds develop new product or service concepts for organizational partners. This structure enables students to learn not only from the interaction with the content and lecturer, but also from communication with other team members. Little is known, however, about the relative effectiveness of specific communication modes on improving student learning outcomes in these interactions. This study examines the effect of three important communication modes-metaphors, visualizations, and narratives-on reported learning from other members. A total of 64 students working on two large multidisciplinary design student teams participated in this study. Survey results indicate that perceived learning increases through awareness and use of metaphorical communication, beyond previously supported effects for narratives and visualization. We conclude with implications for the way information is represented and structured within multidisciplinary design student teams, and future research directions. 1 These modes have not, however, been empirically investigated together in multidisciplinary design student teams.
Introduction
1 The literature often distinguishes between analogy and metaphor. Although all analogies are also metaphors, not all metaphors are analogies (for a discussion see Gentner et al. 2001) . Whereas analogies require linkage between the source and the target through relational information, the source and the target in metaphors can be linked through relational information, common attributes, or both (Gentner et al. 2001; Gentner et al. 1988) . As all analogies are also metaphors, we use the more inclusive term of ''metaphor. '' unevenly by dyads and cliques within the design team, which could affect individual learning in a way that would not be captured in a team level study.
In the following section, we will discuss the literature on learning in multidisciplinary teams and the communication modes of interest, leading to our research questions. Specifically, we propose that metaphors, beyond the effects of narratives and visualization, can enhance communication in multidisciplinary design teams engaging in problem-focused discussions, which positively relates to perceptions of individual learning. We then outline our methods employed to collect data, testing these research questions. This is followed by the results section and general discussion. We conclude with implications of the findings for design and technology education, including future directions and limitations.
Learning in project-based multidisciplinary design student teams Individual learning can be categorized both as process and outcome (Wilson et al. 2007) . As a process, student learning in project-based assignments can occur in different interactions. Learning can occur during student-to-student interactions, student-to-teacher interactions, and student-to-content interactions (c.f. van Breukelen et al. 2017) . The learning outcomes of these interactions comprises a multidimensional construct which manifests from changes in cognition, affective, and/or skill capacity (Kraiger et al. 1993 ). This construct may include changes in quantity and type of knowledge, as well as the relationships among knowledge elements (cognitive learning outcomes), outcomes concerned with the development of technical and motor skills (skill-based learning outcomes), and variations to attitudes (affective-based learning outcomes) (Gagne 1984; Kraiger et al. 1993) . In this study, because we examine how communication modes of narratives, visualizations, and metaphors influence individual learning outcomes across student-tostudent interactions, we measure self-reports from the member who is assessing the effectiveness of these communication modes.
One important way that learning occurs is through sharing differential information among team members across disciplines and backgrounds (Clark et al. 2000; Argote et al. 2012; Silberstang and London 2009 ). Yet, within multidisciplinary teams, communication of knowledge can be problematic. Dougherty (1992) suggested that departments are like thought-worlds that hinder synthesis of the diverse knowledge in multidisciplinary innovation projects. 'Thought-world' refers to a community of people (e.g. a department) who share a common understanding of their domain-specific activities (Douglas 1987) . The concept of thought-worlds includes the fund of knowledge (what the individuals within the thought-world know) and the system of meanings (how they know) (Dougherty 1992, p. 182) . Each department or thought-world makes sense of the various aspects within an innovation project on the bases of these two elements (Dougherty 1992) .
Similarly, graduate students are likely to have acquired a fund of knowledge, as well as a system of meaning, through their basic bachelor-degree education (i.e., thought-world) in their discipline-specific university. This should make communication and learning more difficult than for those without pre-established disciplinary-specific mental models. Accordingly, in the following sections we discuss how communication modes of narratives, visualizations, and metaphors operate in multidisciplinary design teams and relate to individual perceived learning.
Communication modes in collaboration: an empirical… Narratives A narrative is a ''representation of set of events meaningfully connected in a temporal and causal way'' (Onega and Landa 1996, p. 6) , creating or describing a broad context or story that makes sense of otherwise disjointed information (Zurlo and Cautela 2014) . Lloyd (2000) identified four uses of such narrative storytelling in the design process: (1) providing information about project progress, (2) making sense of past events, (3) as competing rationales for objects, and (4) as a meta story of the design process itself. As such, narratives can steer the design process and influence the design team and its process (Turner and Turner 2003) . Narratives can give a much deeper description of events than mere objective documentation of discrete facts, which may help organizations to discover where aspects of knowledge may be acquired and how to share it (Orr 1990; Patriotta 2003) .
For individuals, narratives provide a frame to interpret and use information and processes (Zurlo and Cautela 2014) to shape the design experience and establish limits on the focus of information for existing or new ideas. This effectively provides both a support and boundary for knowledge sharing and creation (Patriotta 2003) , giving cues for the uses of knowledge in the design process. Designers engaging in narrative explanations may be, as described above, organizing and applying their source information into an edifying framework, thus increasing their understanding according to that frame. Their use of this framework may lead them to believe that they have learned new information or ideas, when compared to the narrative that they have been given. Therefore, we believe that narratives as a communication mode operate through framing the context for individual understanding in the design process, and thus will be positively associated with individual learning.
Visualizations
Visualizations, as ''the use of non-mental images to enhance insights'' (Waisel et al. 2008, p. 353) move beyond the design context to address specific information and processes through depictions such as images, drawings, graphs, and animations. Designers use visualizations, such as drawings, sketches, models, and prototypes (for a taxonomy see Pei et al. 2011) to enhance understanding about the task, improve problem solving, as well as a tool to boost creativity (Booth et al. 2016; Do et al. 2000) . The positive effects on the design process may stem from the effect of visualizations in facilitating synthesis, improving perspective taking and comparison, and in enhancing comprehension (Eppler and Platts 2009) .
As relatively rich media instruments, visualizations may carry more information among the communicants in a design process (Daft and Lengel 1984) , operating through expanding the perspectives and channels typically considered (Carlson and Zmud 1999) . This expansion may appeal to the cognitive, social, and emotional needs of design participants (Eppler and Platts 2009) , providing more avenues for processing this information from various design participants and their perspectives (Hinsz et al. 1997) , interpreting and integrating it each member's schematic frame (Clark et al. 2000) . In this way, visualizations stimulate the design process by increasing an individual's beliefs about his/her own understanding, through incorporating and applying diverse sets of information and so enhance individual learning.
Metaphors
On a very basic level, metaphors convey knowledge by linking a source and target through their structural underlying similarities (Gentner et al. 2001 ), bridging differences that may otherwise impede use of the dissimilar comparators. Design research has largely focused on metaphors for their potential to solve ill-structured, non-routine problems (e.g. Casakin 2012; Hey et al. 2008) , including their use in service and product development (e.g. Ball and Christensen 2009; Ball et al. 2004; Casakin and Goldschmidt 1999; Christensen and Ball 2016; Moreno et al. 2014) . In particular, the design-by-analogy approach has received substantial attention, in which designers draw from previous experience to solve problems or create new products (Moreno et al. 2014 ). When there is not a known solution, a designer is typically aware only of the source and applies this knowledge to an unknown target (see for example the definition of metaphor in Hekkert and Cila 2015) .
Metaphors, however, can also be used in design contexts, especially within multidisciplinary design teams, to convey knowledge. Metaphors can be used to describe new concepts or ideas to the recipient (Bearman et al. 2007) , and are thus useful for improving understanding of new situations and problems (Kalogerakis et al. 2010) . Because metaphors can also be used to transfer new ideas, information, and knowledge, they are closely linked to learning . Individuals may learn by relating new information to something that they already know (Gregan-Paxton and John 1997). The effectiveness of metaphors in learning has been studied in the marketing literature with respect to how consumers learn about new products (Gregan-Paxton and John 1997) as well as in the education literature .
In addition, metaphors can also be used to persuade (Gentner 1998) . Metaphors are a powerful rhetorical tool that can enhance argumentation by evoking emotions (Pollack 2014) , which can override reasoning on the subconscious level and thus potentially persuade others (Pollack 2014) . This potential for persuasiveness has been studied mostly in political discourse (e.g. Blanchette and Dunbar 2001) and consumer research (e.g. Goode et al. 2010) , to justify design decisions (Madsen 1994 ) and more recently in the context of multidisciplinary teams and conflict (Paletz et al. 2013) .
We suggest two main ways in which metaphors and learning are related. First, metaphors can improve communication between persons by building bridges between thoughtworlds, thereby improving learning in terms of increased knowledge held and individual beliefs about their own knowledge. Second, through the use of metaphors individuals make their knowledge more acceptable to the receiver, thus increasing the likelihood that the knowledge is internalized, and learning occurs. Below, we further elaborate how metaphors enhance learning in multidisciplinary design student teams.
First, we suggest that metaphors as a communication mode are associated with improved sharing of knowledge in task-related mental models, supporting increased understanding and individual learning. Transactive memory system research has shown that communication effectiveness is important in understanding task-related mental models in teams (Lewis 2004 ) and metaphors are able to improve understanding of project and task requirements in design projects (Kalogerakis et al. 2010) . Improved communication through metaphors should enhance the fundamental learning process that includes the sharing, storing, and retrieval of information (c.f. Hinsz et al. 1997) and is therefore related positively to learning (c.f. Argote et al. 2012; Silberstang and London 2009) .
Metaphors can also make discipline-specific knowledge more understandable, reducing the potential negative effect of thought-worlds on the learning process. Metaphors can help to decontextualize knowledge, enhancing knowledge transfer and learning, which may otherwise fail when knowledge is not transferred because receivers do not understand the relevant knowledge or think it is not applicable in their context (Argote and Epple 1990) . For example, design students in multidisciplinary product development teams may link their understanding of the task requirements to knowledge related to product development and thereby transfer underlying structural similarities rather than discipline specifics. Once the decontextualized knowledge is transferred, the team members can apply it to the new situation (or recontextualize it) and thereby learn (Loewenstein et al. 1999) .
Some research has indicated that metaphors may also lead to misunderstandings (Haglund 2017; Kampourakis 2016) . Recipients of an offered metaphor may have some, but not all information about the metaphor. Therefore, they might misinterpret the metaphor's meaning, so potentially be convinced of something that is not true (Haglund 2017) . Further, metaphors may highlight certain aspects of a relationship while downplaying others (Haglund 2017 ). This could lead to partial or incomplete learning. However, this misunderstanding may be resolved by further explanations, and metaphors may also start a goal oriented discussion which may potentially lead to a more complete and holistic understanding of the metaphor (as discussed by Kalogerakis et al. 2010) .
Second, we suggest that by virtue of their potential persuasive power, metaphors increase individual perceived learning. Learning as an outcome requires behavioral or knowledge changes by the receiver (Edmondson 1999) . Hence, knowledge, as described above, must not be merely exchanged, but also internalized. Metaphors can support internalization of knowledge through its persuasive function. Political and consumer research has found that metaphors are often used to persuade voters and consumers (Goode et al. 2010) . Metaphors are able to evoke emotions that make their argumentation more acceptable (Pollack 2014) . In consumer research, metaphors have been shown to influence consumers about new product experience (Goode et al. 2010) . These metaphors link the product to a familiar experience and thus influence consumers by shifting their focus to emotional information related to the product (Goode et al. 2010) . The persuasive use of metaphors should improve learning outcomes through better knowledge internalization. Therefore, we believe that the use of metaphors in multidisciplinary design student team communication has a positive relationship with member perceptions of their own individual learning.
Research questions
The overall purpose of this study is to examine the relationship of three distinct communication modes on learning in multidisciplinary design student teams. More specifically, the research questions were as follow: 
Method Context
Empirical data were collected from graduate students as part of multidisciplinary design student teams working with external clients in a design-thinking course taught at universities in Finland and China. The teams' task was to complete an intensive 2-week newconcept development project with a local client organization. In each of the courses, the class of students worked as one multidisciplinary design team that was further divided into several subteams. The client organization expected one overall outcome and the majority of the course grade depended on the performance of the entire team. In general, the project briefs provided in the beginning of the project required the teams to develop service concepts for an external stakeholder. In the Finnish course, the aim was to develop new and improved service concepts for boarding at an airport and in China the project's goal was to improve educational services for a subunit of the university. Each subteam was assigned a subproject that they had to link with the other subtasks to present one holistic outcome. The design teams worked together with the client organization to determine the scope and outcome of the project. The subteams were formed by the students themselves; they included students from several disciplines (mostly from design, business, and science) and varied in gender, country of origin, and other background characteristics. After the teams were formed, the lecturer informed the students about the project task and subtasks. The student teams chose their own subtask after which no changes in team membership or assignment were permitted. The project ran parallel to lectures that provided the students with the tools and techniques needed for the project. The lectures included design research, creativity techniques, prototyping, business modeling, and communication. Within the communication lecture, among other topics, students were familiarized with various communication modes, including narratives, visualization, and metaphors. All teams produced a mid-term report and a final set of deliverables (the exact deliverable varied and depended on the client's need).
Research design
This study focuses on individual learning through dyadic communication relationships among team members in multidisciplinary design teams, on the basis that information, assistance, and guidance that are important for learning flow mainly through dyadic relationships (c.f. Argote et al. 2012; Silberstang and London 2009) . Also, the focus on individual learning through dyadic communication ties allows for a more comprehensive understanding of the relationship between communication mode and learning compared with the aggregated team level, which might provide an incomplete picture should metaphors be used unevenly within the team (Espinosa and Clark 2014) .
The responses were collected by means of the one-with-many design method, where each respondent reports on several dyadic relationships (Kenny et al. 2006 ) (see Fig. 1 for the structure). Consequently, the level of analysis is the individual and his or her perceived dyadic communication relationships. We used both sociometric and egocentric techniques to collect data (Wasserman and Faust 1994) . First, we asked all respondents to report all subteam members, regardless of their frequency of interaction. A potential weakness of this sociometric method is that the dyads reported might define boundaries that were too small if team members interacted frequently outside of their subteam (Reagans and McEvily 2003) . Hence, we also gathered responses using the egocentric approach by asking respondents to identify the three additional members in the team to whom they had talked most frequently (Reagans and McEvily 2003) . Since the sampling technique was based on communication frequency, we eliminated the need to control for the potential motivational effects on learning processes and outcomes.
This design necessitates controlling for individual respondents providing multiple responses, which violate the independence assumption in ordinary least squares regression (Kenny et al. 2006) . For example, this violation could occur if a respondent consistently reports a lower-level use of communication modes, creating correlations between error terms among the observations (Reagans and McEvily 2003) . To overcome this correlation, we utilize a linear mixed-effects model in which the intercept is random, through a multilevel design in which the respondent represents the higher level and the relationships lower level (Kenny et al. 2006) .
We collected data at two points of time, including baseline member attributes (demographics and member familiarity) in a survey completed at the beginning of the course, while process and outcome-related variables, included communication modes and learning, were collected separately, at the end of the course. Both surveys were paper-and-pencil based. The participants were told that the study was about team knowledge processing and that the results would help to improve future concept development project teams. Neither the client organization nor the teams were aware of the specific hypotheses. Naturally, we guaranteed confidentially for all participants, including reporting data only in aggregated form. 
Sample
Our target population included 78 students in two courses (each with 39 students), who were divided into 16 subteams (Sample 1 consists of seven subteams in Finland; Sample 2 consists of nine subteams in China). Out of the 78 participants invited to take part in the research 64 participated (35 from the Sample 1 and 29 from Sample 2) in the research (82% response rate). The respondents recorded 305 dyadic relationships, which is an average of 4.8 dyads per respondent. The participants were informed that the research concerned team processes and that future courses would benefit from the survey. During the second half of the project, we collected data on background information, communication mode (e.g. narrative, visualization, and metaphor), and learning.
Measures
All items in the survey were measured with a seven-point Likert scale, ranging from 1 (never) to 7 (very frequent). For each of the identify members of the respondents, we asked: I learnt a lot from the interaction with this person. This item was also measured on a Likert scale from 1 (nothing) to 7 (very much). Using self-reported measures of learning is appropriate for this study, considering that our research questions focus on the member assessment of the effectiveness of particular communication methods in helping them to understand less-familiar concepts. Additionally, self-reported learning measures are common in the educational literature (e.g. Lim and Morris 2006; van Breukelen et al. 2017; Zhao et al. 2005) and are considered appropriate for contexts as student-to-student learning in the Management literature as well (c.f. Benbunan-Fich 2010).
The independent variables were measured by asking the respondent how frequently metaphors, narratives, and visualizations were used in their communication with each of the identified members. We used a single measure approach due to one-with-many research design; this is standard, accepted practice in social network studies (Fliaster and Schloderer 2010; Reagans and McEvily 2003) . While multiple item measure for variables might increase reliability, they might also be expected to hamper response rate in research designs where members are expected to rate multiple others with the same measures (Venkataramani and Dalal 2007) .
It is important to account for other effects on learning, including member knowledge that may be held in common due to their personal backgrounds. The more common knowledge the dyads have, the lower the costs of transferring knowledge between them in a communication transaction (Reagans and McEvily 2003) . According to Reagans and McEvily (2003) , various demographic factors such as gender, nationality, and discipline can indicate overlapping knowledge. Hence, we controlled for gender, nationality, and discipline background. We created a dummy variable of 1 and 0 to control for demographic effects on the mode of communication and learning. The same nationality, gender, and discipline of the dyads are equal to 0 or otherwise 1. Furthermore, strong subteam identities can result in-group preference, which may strengthen internal learning. Accordingly, we controlled for subteam membership and created a dummy variable: 1 indicating a different subteam, 0 indicating the same subteam.
Communication modes in collaboration: an empirical…

Results
Independent t tests indicated that the means of the each of the variables in the two data sets were significantly different (p \ 0.01). Consequently, the data were analyzed separately. Although each sample was of sufficient size on its own (Kreft and de Leeuw 1998) , by some estimates the smaller data set, Sample 2, could have had undersized second level variances in the standard error (Maas and Hox 2005) . However, studying these phenomena in two different data sets (including a larger Sample 1) with very similar results, provides confidence that the effects found are genuine.
The means, standard deviations, and correlations among all variables in the model are shown for each sample, respectively, in Tables 1 and 2. Note that the correlation tables must be examined with caution, because simple correlations and significance levels indicated cannot consider the dependent nature of the observations (Quigley et al. 2007) .
In order to test the hypotheses, we ran a five-step hierarchical linear mixed-effects model for both samples. This approach allowed us to statistically isolate the communication modes to examine their individual strength. In the first step, the base model, only the control variables (subteam, gender, nationality, functional background) and the independent variables perceived individual learning were entered. In the second step, a random intercept was created as a dummy variable for each participant to control for the dependencies of observations (Kenny et al. 2006 ). In the following steps, the independent variables narratives (Model 3), visualization (Model 4) and metaphors (Model 5) were entered. The hierarchical entry allows examining whether additional variance is explained by the added entry and is indicated by a significant improvement of the model and significant variance between the added entry and the outcome variable. In other words, it allows us to discriminately assess the relative strength of our independent variables. Table 3 displays the regression results for sample 1 and Table 4 the results for sample 2.
The log-likelihood improved significantly (p \ 0.001) for each of the incremental models in sample 2, indicating that each communication mode had a unique contribution in explaining perceived learning. In sample 1 all models showed a significant improved loglikelihood (p \ 0.001), besides of model 4, when entering visualization.
The final model representing sample 2, where narratives F(1, 104.22) = 4.16, p \ 0.05 and visualization F(1, 122.85) = 4.66, p \ 0.05 had a positive relationship with perceived learning, these effects were non-significant in the sample 1. There narrative F(1, 
Discussion
The importance of multidisciplinary design student teams in education, and the relative challenge of communication among their functionally diverse students (e.g., Mannix and Neale 2005) , makes it necessary to understand factors that influence learning within these teams. This study examined how communication modes relate to individual learning through student to student interaction in multidisciplinary design teams. Generally, the results indicate that metaphorical communication is related to perceived learning beyond the effects of narratives and visualization across both samples, while the effectiveness of narratives and visualization varied in the two samples. In Sample 2, both narratives and visualization had a positive relationship to learning, although the magnitude of their effects were diminished when the metaphors were introduced. Sample 1 included a positive relationship between narratives and learning (but no significant relationship for visualization); however, this effect became non-significant when metaphors were introduced. The model also showed that none of the control variables in either sample had a significant relationship with perceived individual learning. Overall, these results indicate that multidisciplinary design teams and the students in them may improve their learning through awareness and use of various communication modes, which can enhance the way information is represented and structured within multidisciplinary design student teams. We posited that metaphors used in communication among members would relate to learning, theoretically through facilitating the transfer of knowledge by comparing a known base to an intended target. As expected, we found that frequent use of metaphors in communication relationships supports perceptions of individual learning. This is in line . It seems that metaphors can be helpful, as explanatory vehicles, in clarifying discipline-specific knowledge and skills and, therefore, has the potential to improve learning in multidisciplinary design student teams. In addition, visualization and narrative had a positive relationship to perceived learning in Sample 2. Finding some positive results for visualization was not surprising. There is quite an extensive literature on the positive effects of visualization in communication due to qualities that increase comprehension (Eppler and Platts 2009; Waisel et al. 2008 ). Similar to visualization, narratives can support knowledge sharing (Orr 1990; Patriotta 2003) . Orr (1990) found in his ethnographic study that narratives can provide a rich description of the problem and through it improve understanding. It seems that this effect also occurred in these settings with student design teams working on client projects. The results being weaker as compared with metaphors might be due to the persuasive aspect of metaphors. Geiger (2010) found that narratives alone might not be enough for knowledge exchange and that an argumentation mode might also be needed for knowledge transfer.
It may seem surprising that we did not find any significant relationship between knowledge held in common within dyads and learning. However, this is in line with the team diversity literature, which yields mixed results for team diversity and various performance outcomes, because while diversity is needed for knowledge exchange, it may also make that exchange more difficult (for a review see Mannix and Neale 2005) . In our samples, neither homogenous nor heterogeneous backgrounds of subteam communication dyads had any association (positive or negative) with learning. It may be that although the homogenous dyads understood each other better, they did not learn as much from each other. In other words, although the learning process might have been better among similar knowledge dyads compared with dissimilar knowledge dyads, the learning potential was lower compared with dissimilar communication ties. Future researchers might want to examine the conditions under which individual learning is more likely to occur in diverse dyads. The low correlation between metaphors and common knowledge attributes might indicate that metaphors are a moderator of the relationship between diversity and learning.
Metaphors in learning might be widely applicable
This study indicates a positive relationship between metaphors and learning, beyond the effects of narratives and visualization, in two separate samples of multidisciplinary student design teams. In spite of the differences in the variables in these two samples and the resulting separate analysis, the patterns of results are quite similar. This is in line with studies on analogical encoding, furthering the evidence that demonstrates the wide applicability of metaphors and analogies .
The level of national diversity within dyads did not have a relationship with learning in both samples. It might be that students are able to decontextualize their national knowledge, like their functional knowledge, by linking their national-specific knowledge to the nationality of the receiver and thus transferring knowledge. This might be the case in particular for students with a global mindset that highlights the cognitive ability to manage and integrate various national perspectives (Levy et al. 2007 ).
Both samples included many exchange students, and both the lectures and the teamwork exchanges were in English. If the course had been in a different language, the results might have looked different. Research has shown that learning styles vary according to the individual cultural values (Holtbrügge and Mohr 2010) . Further, some researchers have argued that culture affects beliefs in knowledge and learning (Hardy and Tolhurst 2014) .
One reason for the findings of this study might be that we were exploring knowledge sharing and not in culture. Hence individual nationality rather than cultural values was used as a proxy for knowledge. Research that found differences focused on cultural values rather than on nationality (c.f. Holtbrügge and Mohr 2010) . Future research might want to investigate cultural aspects and the use of metaphors in teams.
Conclusion
In this study we explored narratives, visualizations, and metaphors and their relationship to perceived learning in the context of multidisciplinary design teams. Our results show that metaphorical communication is related to learning, even beyond the effects of narratives and visualization. The findings of this study suggest that lecturers should teach metaphor use as an effective communication mode for multidisciplinary design teams. Multidisciplinary teams are also an important phenomenon in business organizations, particularly for design-led approaches to problem solving, and training students in communication skills based on the use of metaphors, visualization, and narratives may increase their future success in the workplace (Design Council 2010).
There are books available on how to develop metaphors in the classroom (e.g. Wormeli 2009 ). Much training in soft skills has focused on active listening and careful explanation of all information, but has rarely suggested the use of specific communication mode within multidisciplinary design student teams. Students could potentially benefit from learning more efficient communication modes, not only within the classroom, but also at work (Bedwell et al. 2014) . Various research has shown that metaphors improve communication in a wide variety of settings (Pollack 2014) . At the same time, the findings might be transferable to teachers and teaching in the classroom. Textbooks already use metaphors to improve students' understanding (Klenk and Forbus 2009 ). In these diverse environments, it might be helpful if teachers were more explicit in their teaching. One way to improve our communication could also be the use of metaphors in the classroom (c.f. Wormeli 2009).
We investigated individually reported (perceived) learning through a dyadic relationship, rather than independent assessments of learning measured against standards. As mentioned above, self-reported measures of learning are appropriate for educational, project-focused studies (e.g., Lim and Morris 2006; van Breukelen et al. 2017 ). Reported learning is particularly suitable for our research question and study design, because our interest is whether team members believe that they have learned from other members' use of particular communication modes (narratives, visualization, and metaphors). While measuring other forms of learning may also be useful, it is not clear that such measures would effectively capture learning stemming from the student-to-student interaction (cf. Bowman 2010). For instance, assessments gathered as part of the course assignments (e.g. project outcome, final grade) would measure a variety of determinants of individual learning, beyond our scope of interest in student to student interaction, such as self-study (student to content interaction) and lectures (student to teacher interaction). Further, a direct measure would not be likely to capture the breadth of learning that may occur as students learn from other students who are using particular communication modes. Such as cognitive learning, affective learning, and/or skills-based learning. Given the scope of the project (i.e. developing a concept), and the breadth of the team (i.e. very diverse, functionally and otherwise), it might not be feasible to develop a direct, objective assessment that represents the various aspects of learning. Nonetheless, future research might want to investigate further the relationships of communication modes and other indicators and forms of learning.
There are a great many communication modes, tools, and techniques that may be worthy of investigation. For this study, we focused on three modes connected to learning which have been particularly noteworthy in design projects-metaphors, narratives and visualizations. We acknowledge that there might be other communication modes, such as interpretive presentation modes or dialectical debate, in future research.
Previous research suggests that novices such as students struggle to use metaphors properly (Forbus et al. 1995; Novick 1988; Novick and Holyoak 1991) . Also, within nationally diverse dyads, it could be that metaphors are misunderstood because they can have different meanings in different cultures (Gibson and Zellmer-Bruhn 2001) . Nevertheless, learning in case study research showed that metaphors benefit actual learning . In addition, it might be that perceived learning contributes indirectly to actual learning by increasing students' motivation, which in turn could stimulate further study and learning. Future research might further examine the relationship between metaphors and learning against external standards in multidisciplinary design student teams. Such approaches could also go further in assessing particular communication instances, specific information exchanged, and perhaps reported shifts in mental models.
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